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[57] ABSTRACT

The electrolyte is constituted by a conductive vitreous
compound having the formula aP;Ss, bLisS, cLiX,

where X represents chlorine, bromine,. or iodine, and
where a, b, and ¢ are numbers chosen so that the ratio
b/(a+b) lies between 0.61 and 0.70, and so that the ratio

c/(a+b+c) is less than or equal to a limit correspond-
Ing to the solubility in vitreous phase of LiX in the
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52] U. S Cl """""""""""""""""""" 429/191 4297193  together with an electron conductor, the improvement
[53] Field of Search """""""""""""" 429/191, 193, 104 wherein a substance chosen from the halngens and the

"""""""""""" chalcogens is included in the electrolyte in order to
| produce an in situ chemical reaction at the lithium elec-
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LITHIUM CELL HAVING A SOLID
ELECTROLYTE CONSTITUTED BY A
CONDUCTIVE VITREOUS COMPOUND

| 2 |
bonding layer is constituted by a halogenide or a chal-
cogenide and it may be continuous or discontinuous.

Advantageously, iodine or sulphur are used since

 their reaction products with lithium, Lil and LiyS, are

U.S. Pat. No. 4,331,750 and Ser. No. 386,228 describe .
lithium cells having a solid electrolyte comprising a

vitreous compound having the formula aP,Ss, bLi2S,

cLiX, where X represents chlorine, bromine, or 10dine,

and where a, b, and ¢ are numbers chosen so that the
ratio b/(a+Db) lies between 0.61 and 0.70, and so that the

10

ratio c/(a-+4b+-c) is less than or equal to a limit corre-

sponding to the solubility in vitreous phase of LiX in the

compound aP3Ss, bLi>S.
A preferred electrolyte for the above- mentloned cells
is the following compound:

0,37 LisS, 0.18 P»Ss, 0.45 Lil.

Advantageously, in addition to an electron conduc-
tor, the positive active material comprises between 20%
and 80% by volume solid electrolyte. |

In practice, the cell may be constituted by a stack of
compressed solid electrolyte pellets suitably held be-
tween a lithium pellet and a cathode.

However, cells of this type run into problems of

ohmic polarisation taking place at the interfaces be-

tween the electrodes and the electrolyte, particularly
around the negative electrode which adheres to the

solid electrolyte in a random and poorly reproducible
manner.
- Preferred embodiments of the present mventlon miti-

gate this drawback
SUMMARY OF THE INVENTION

The present invention prowdes a lithium cell includ-
ing a solid electrolyte constituted by a conductive vitre-
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ous compound having the formula aP»Ss, bL.i3S, cLiX,

where X represents chlorine, bromine, or iodine, and
where a, b, and ¢ are numbers chosen so that the ratio
b/(a+Db) lies between 0.61 and 0.70, and so that the ratio
c/(a+b+c) is less than or equal to a limit correspond-
ing to the solubility in vitreous phase of LiX in the
compound aP2Ss, bLi2S, with the positive active mate-
rial comprising 20% to 80% by volume solid electrolyte
together with an electron conductor, the improvement
wherein a substance chosen from the halogens and the
chalcogens is included in the electrolyte in order to
produce an in situ chemical reaction at the lithium-elec-

trolyte interface, thereby creating an ionically conduc-

tive bonding layer comprising a lithium halogenide or
chalcogenide.

Although the poss1bly discontinuous bonding layer
thus formed in situ is a poor conductor of ions, it is thin
enough not to materially increase the ohmic resistance
of the electrolyte.

The thin film of halogenide or ohalcogemde thus
formed provides electrical connection at the negauve

electrode interfaces.
It should be observed that ooatlng only the lithium-

facing surface of the electrolyte with a thin layer of
lithium halogenide or chalcogenide provides no im-
provement in lithium-electrolyte bondmg over having -
no bonding layer at all.

The bonding is prowded by having the halogen or the
chalcogen contained in the electrolyte, where it reacts
with the lithium which is in direct contact with the
electrolyte to form a thin bonding layer in situ. The
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ionic conductors for lithium ions. The conductivity of
Lil at 25° C. is 10-7 Q—!cm—!, and the conductivity of -
Li>S under the same conditions is 10—% Q-1 cm—1.
Further, Lil and Li,S are constituents of the electrolyte ..
whose formula is given above. .
Preferred embodiments of the mventlon use an elec- |
trolyte containing 3% to 50% by volume sulphur or
iodine. -
Preferred positive electrode materlals are 1od1ne and
sulphur. |

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are descrlbed by way
of example with reference to the acoompanylng draw-
ings, in which:

FIG.1is a dlagrammatlc section through a first cell
aﬂd . .

FIG. 2 is a diagrammatic section through a second
cell.

MORE DETAILED DESCRIPTION N

FIG. 1 is a diagrammatic cross section and reaction
diagram through a cell in accordance with the invention. -
and using the Li/I; couple. _

The solid electrolyte 1 has the formu]a 0 37 les 0.18

P2Ss, 0.45 Lil and includes 5% to 50% by volume io-
dine.

The positive electrode 2 is oonstltuted by a mixture of
graphite, solid electrolyte and iodine, and contains 20%
to 80% by volume solid eleotrolyte o ;

The negative electrode 3 is made of lithium.
 The cathode and anode collectors are reSpeotwely |

referenced 4 and S.

The lithium iodide bonding layer 6 is formed in situ at
the surface of the anode 3 and provides a connection to
the vitreous electrolyte 1 while the previously encoun-
tered polarlsatlon effects are avoided. L

FIG. 2 1s a dtagrammauc cross section and reaction
dtagram through a cell in accordance with the invention
and using the Li/S coupie.

The solid electrolyte 11 has the same formula as for

the Li/I> couple and includes 5% to 50% by 1rolume

_sulphur. -
The positive electrode 12 is constituted by a mixture -

of graphite, solid electrolyte and sulphur. It may be

obtained by taking a mixture of graphite and sulphur

and heating the mixture to 120° C. to obtain a pasty .
mixture. The mixture is then cooled and crushed to
obtain a graphited sulphur powder which is mixed with
the solid electrolyte, e.g., 50% by volume solid electro-

lyte and 50% by volume graphlted sulphur, =
The negative electrode 13 is made of lithium. The

cathode and anode collectors are referenced 14 and 15
respectively.

The bonding lajrer of LizS formed in situ 1s refer- |

enced 16. :
The formation of the bonding layer may be acceler-

ated by heating the cel] to around 60° C. to 70° C. after "
“assembly. |

Positive electrode materials other than sulphur and
iodine could also be used in cells in accordance wnh the

invention.

~ Nonetheless, such other materials must have working
voltages near to or greater than those of the above-men-
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tioned couples, and they must be compatible with the
electroactive domain of the medium. In other words,
for the Li/I; couple the voltage must be equal to or only
slightly different from the voltage of the couple, while
tor the Li/S couple the voltage must be equal to or
greater than the couple voltage. This is to avoid creat-
ing the initially high voltages which would be bound to
arise because of the interface between the positive elec-
trode and the electrolyte. |

Thus, for example, the positive active material could

be copper oxyphosphate CusO (PO4)s. |
The following table lists several possible systems:

TABLE
Middle layer
Bonding (ES = Solid Cathode

Anode layer Electrolyte) (gr = graphite)

I Li Lil ES + I ES + gr + D

2 Li LisS ES + S ES 4+ gr + S

3 Li Lil ES + I ES 4+ gr + CugO(POy4)3

4 Li Ll ES + Iy ES + gr + I; 4 CugO(PO4)>

5 Li LisS ES + 8§ ES + gr 4+ CugO(PO4)>

6 Li Li»xS ES + S ES + gr + 8§ + CugyO(POy);

Incorporating sulphur into the positive active mate-
rial in example 6 can be advantageous for doping the
voltage of the Li/CusO(POy4); couple, because of the
gain In formation energy recoverable by the formation
of CuS (chemical sulphurization of copper) in situ dur-
ing discharge. In theory the gain should be about 250
mV relative to the Li/CusO(POg4); couple, thus getting
close to the voltage of the Li/I; couple.

We claim:

1. An electric cell having a lithium anode separated
from a cathode by a solid electrolyte comprising a con-
ductive vitreous compound having the formula aP>Ss,
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bLi1,S, cLiX, where X represents chlorine, bromine, or
10dine, and where a, b, and ¢ are numbers chosen so that
the ratio b/(a+b) lies between 0.61 and 0.70, and so that
the ratio c/(a+b+c) is less than or equal to a limit
corresponding to the solubility in vitreous phase of LiX
in the compound aP;Ss, bLi3S, with the cathode com-
prising 20% to 80% by volume solid electrolyte to-
gether with an electron conductor, the improvement
wherein the electrolyte further comprises a substance
selected from the group consisting of the halogens and
the chalcogens in order to produce an in situ chemical
reaction at the lithium-electrolyte interface, thereby
creating an ionically conductive bonding layer compris-
ing a lithium halogenide or chalcogenide.

2. An electric cell according to claim 1, wherein said
substance 1 selected from the group consisting of iodine
and sulfur.

3. An electric cell according to claim 2, wherein said
substance comprises fom 5% to 50% by volume of the

electrolyte.
4. An electric cell according to claim 1, wherein the

cathode further comprises at least one positive active
material selected from the group consisting of sulfur,
10dine, and copper oxyphosphate. 8

5. An electric cell according to claim 4, wherein the
positive active material comprises a mixture of iodine
and copper oxyphosphate.

6. An electric cell according to claim 4, wherein the
positive active material comprises a mixture of sulfur
and copper oxyphosphate.

7. An electric cell according to claim 1, wherein the
conductive vitreous compound of the electrolyte has
the formula 0.37 Li3S, 0.18 P»Ss, 0.45 Lil.
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